However, survival has improved to the point that there have been case reports of recurrent ALI (15) (16) (17) (18) .
A systematic study of this phenomenon has not been reported. The characteristics of such patients may point to specific environmental or genetic factors important in the development of this complication. Savici and Katzenstein (17) identified a history of gastroesophageal reflux disease (GERD) and chronic pain treated with opioids in a series of patients with diffuse alveolar damage. We sought to identify the incidence and risk factors for recurrent ALI in Olmsted County, MN.
MATERIALS AND METHODS
After receiving institutional review board approval, we performed a population-based, retrospective case-control study of Olmsted County, MN, residents (Ն18 yrs) from 1999 to 2008. The demographics of Olmsted County residents are typical of a suburban community in the Midwestern United States. The population was 124,277, consisting largely of middleclass Caucasians, with minorities representing 13% of the population according to 2000 U.S. census reports. Because of its geographic isolation, critical care services are provided exclusively by the two Mayo Clinic hospitals in Rochester, MN. No other critical care services are available in the surrounding communities.
Cases and Case Finding. The healthcare system utilizes an integrated electronic medical record system. Combined with multiple comprehensive, prospectively collected clinical research databases (Rochester Epidemiology Project, Mayo Clinic Life Sciences System, Acute Physiology and Chronic Health Evaluation database), the research environment enables easy and extensive access to detailed clinical information from this patient population (19) . A previously validated screening tool ("acute respiratory distress syndrome screening tool") with excellent negative predictive value (0.99) (20) screened all patients who received intensive care services from 1999 to 2008. The screening tool was designed to identify all patients who met the following criteria within a single 24-hr period.
(1) Qualifying arterial blood gas analysis: ratio of the partial pressure of oxygen to the fraction of inspired oxygen (PaO 2 /FIO 2 ) of Ͻ300.
(2) Qualifying chest radiograph report: free text Boolean query containing words-"edema" or "bilateral" and "infiltrate."
Trained critical care fellows reviewed digital chest radiographs, hemodynamic monitoring data (pulmonary artery occlusion pressure of Յ18 cm H 2 O or central venous pressure of Ͻ15 cm H 2 O in the absence of pulmonary hypertension), echocardiography results (E/EЈ [the ratio of mitral peak velocity of early filling to early diastolic mitral annular velocity] Ͻ15), brain natriuretic peptide levels (Ͻ250 pg/mL in the absence of renal failure), and response to therapy (brisk response to diuretics and positive pressure ventilation favors hydrostatic edema) of all patients identified by the ALI screening tool. The presence or absence of ALI was determined according to the AmericanEuropean Consensus Conference definition (21) . Reviewers were blinded to the presence or absence of a prior episode or history of ALI. Patients identified as having ALI were also reviewed by a second investigator (G. Li). Further, those individuals with more than one episode of ALI were reviewed by a third investigator (T. Bice) and identified as "cases." These recurrent cases must have been separated by 30 days, and all patients must have been discharged before occurrence of the second episode. Any discrepancies were resolved by group discussion until consensus was achieved.
Controls and Matching. The two control groups were identified from the same cohort. The first control, labeled "single ALI," represents those patients who had experienced only one episode of ALI and had at least the same duration of survival as the matched case. For example, if a patient developed a second episode of ALI 260 days after his/her initial case, the matched control was still alive and had not developed a second episode of ALI 260 days after his/her initial hospitalization. The second control, labeled "no ALI," was identified at the time of initial hospitalization to have multiple risk factors for the development of ALI but was discharged without developing ALI. Additionally, the single ALI control matched with the above example case was still alive 260 days after his/her initial hospitalization and never developed ALI. Both controls were individually matched to the index case by age, gender, lung injury prediction score (22) (23) (24) (25) , duration of follow-up, the year in which their initial hospitalization occurred, and their predisposing conditions at the time of their initial hospitalization, including pneumonia, sepsis, and trauma and/or shock.
Exposures (Risk Factors) and Clinical Data. We systematically examined clinical records for a history of GERD, chronic opioid use, smoking, chronic alcohol use, obstructive or restrictive lung diseases, immunocompromised state, diabetes mellitus, the body mass index, and exposure to transfusions. These variables were chosen on the basis of literature review. GERD was defined according to the American College of Gastroenterology Guidelines (26, 27) and required a clinical history of GERD at least 3 months before the initial admission and improvement or resolution of symptoms with treatment. The use of opioids, proton pump inhibitors, and histamine H2 receptor antagonists was also captured from the electronic medical record and must have been present before the initial hospitalization for the first episode of ALI to be included in risk factor analysis. Chronic alcohol use was defined as Ͼ14 drinks per week as documented in the electronic medical record. Smoking history was defined as a Ͼ20 pack-year smoking history, regardless of current smoking status. Obstructive and restrictive lung diseases were defined as a prehospitalization diagnosis of chronic obstructive lung disease, or interstitial lung disease or other restrictive lung disease, respectively, as documented in the electronic medical record. Immunosuppression was defined as use of immunosuppressive medications (e.g., Ͼ20 mg of prednisone) or a disease state associated with immunosuppression and was captured from the electronic medical record. Transfusion was defined as multiple transfusions of blood products (Ͼ15 units within 24 hrs) (3) before diagnosis of ALI and was captured from the electronic medical record. The determination of these risk factors was performed by the primary investigator.
Statistical Analysis. Data were reported as percentages, medians, and interquartile ranges. The denominator age-and sex-specific person years for the population of Olmsted County residents aged 18 yrs or older were estimated from decennial census data, with interpolation between 1999 and 2008. Ninetyfive percent confidence intervals were calculated for the incidence, assuming that they follow a Poisson distribution. Incidence rates were directly adjusted for age or age and sex to the population structure of white persons in the United States in 2000. Wilcoxon's signed rank test was used to examine differences between cases and controls for continuous vari- 
RESULTS
A total of 15,425 Olmsted County intensive care unit admissions were screened from 1999 to 2008. Of these admissions, 917 episodes were identified as ALI, among which 19 (2%) were identified as having a second episode (Fig. 1) . Thus, the incidence of recurrent ALI was 2.02 (95% confidence interval 1.10 -2.93) per 100,000 person years. No patients were identified with more than two episodes. Each case of recurrent ALI was matched with two controls selected from the single ALI and no ALI groups (Fig. 1) . The baseline characteristics and the propensity for ALI (lung injury prediction score) are presented in Table 1 . Other important factors associated with the development of recurrent ALI are presented in Table 2 .
The median time to the second episode was 264 (interquartile range 80 -460) days. Nine of the 19 patients died during the second episode (47%). Overall, 17 of the 19 patients had died by the time of this study (89%), with a median survival after the second episode of 22 (interquartile range 4 -371) days.
There was a significantly higher prevalence (79%) of GERD in the recurrent ALI group than in the single ALI group (26%, p ϭ .006) or the no ALI group (42%, p ϭ .016) (Tables 2 and 3 ). Witnessed or suspected aspiration was more commonly documented in patients with recurrent ALI. The chronic use of acid suppression did not modify the risk of recurrent ALI. No significant differences were observed in chronic opioid use, alcohol consumption, smoking, or transfusions.
DISCUSSION
With the improvement of ALI survival in this population-based study, we observed a significant number of patients who had more than one episode of ALI. GERD was identified as the most important risk factor for recurrent ALI, potentially suggesting an important role of gastric aspiration in the development of this syndrome.
ALI represents a specific injury pattern resulting from a variety of insults in a susceptible host. Aspiration is an important recognized mechanism for ALI found to be a risk factor in 11% with an associated mortality of 44% (6). Unfortunately, aspiration in both clinical practice and research is limited by its clinical definition of a "witnessed aspiration" event, raising the concern that many aspiration events that lead to ALI/acute respiratory distress syndrome are unrecognized. In those with witnessed gastric aspiration, we observed a "dose-dependent" pattern from 5% in those who had no ALI to 16% in those with a single episode of ALI to finally 37% in those who had recurrent a ϩ/Ϫ, matched pair with recurrent exposed, single unexposed; Ϫ/ϩ, recurrent unexposed, single exposed; ϩ/ϩ, both recurrent and single exposed; Ϫ/Ϫ, both recurrent and single unexposed; b the dash represents an incalculable odds ratio, requiring division by zero.
ALI. This is consistent with our understanding of aspiration and its potential to cause lung injury, but it further underscores that it is a risk factor for recurrent episodes of ALI.
With a lack of a proven standard for identifying gastric to pulmonary aspiration, we looked for other signals that may indicate that silent aspiration occurs more frequently as a cause of ALI and acute respiratory distress syndrome. Mechanistically, for gastric to pulmonary aspiration to occur, there must first be reflux of gastric contents. This may occur acutely as can be seen in the critically ill (e.g., emesis and aspiration in an obtunded patient), but more commonly it is seen in the chronic condition of GERD. GERD could act as the necessary prerequisite risk for aspiration, and furthermore, because it is chronic, it may be a risk for repeated episodes of silent aspiration and ALI. Our data support this plausible mechanism showing GERD as the strongest risk factor for recurrent ALI. With a prevalence of GERD of 20% in our population in Olmsted County and worldwide (28, 29) , the at-risk population may be significant. Notably, the risk for ALI as a result of having GERD was higher than for aspiration itself. However, this is not unexpected as aspiration is often insensitively defined clinically and suggests that, potentially, many aspiration events are unrecognized. This highlights the dire need for a more objective determination of aspiration.
Chronic use of acid-suppressive medications did not alter the susceptibility to ALI development, but our study design did not allow us to determine the timing of medication use when compared to the initial insult. In the critically ill, acid suppression is typically utilized for the prevention of upper intestinal bleeding (30) . There is increasing concern as to whether the empirical use of potent acid suppression may increase the risk for pneumonia (31, 32) and Clostridium difficile infection (33, 34) . However, there are no data on how acid suppression might modify the risk for ALI, whether favorably or unfavorably. Although we expect the acid suppression would confer a protective effect, its concomitant increase in risk for pneumonia and subsequent lung injury may be unfavorable. The limited sample size did not allow us to evaluate these risks in a multivariate fashion to formally assess for confounding and interaction. Additionally, the retrospective nature of the study did not allow us to quantify adherence or actual use of medications.
Only a limited number of reports are available on this unique group of patients with recurrent ALI without an identifiable cause (15) (16) (17) (18) . Savici and Katzenstein (17) described six cases of pathologically confirmed diffuse alveolar damage without a clear causative agent, as identified in these other reports. Interestingly, five of their six patients were noted to have a history of GERD or a hiatal hernia, and they proposed that perhaps this in combination with the use of chronic opiates seen in four of their cases predisposed the patients to an aspiration mechanism for lung injury. Our results support the possibility of an aspiration mechanism, although we did not identify an independent risk with the chronic use of opiates. It is possible this risk is now becoming more evident with the improvement in survival from ALI as a result of advances in supportive care (3, 35, 36) .
The incidence of recurrent ALI in our population was 2.02 per 100,000 person years. When affected with a second episode of ALI, mortality was high at 47%, with a median survival of 22 days. No previous study has reported the incidence of recurrent ALI. Cely et al (15) reported ten cases of recurrent ALI among their series of veterans with ALI, with a similar mortality of 50% and a median time to recurrence of 192 days. They also reported a higher frequency of 16% per year of developing a recurrent episode of ALI. This difference may be explained by the differences in study populations. Our study subjects were from a regional population in the Midwest, while Cely's study population was from a Veterans Affairs Medical Center. Their study population tended to be older, and they also included referred patients who tend to have a higher severity of illness than in a population-based study. Interestingly, both of our studies noticed the recurrent episodes usually happened around 200 days after the initial one. This finding needs to be confirmed in a larger cohort in the future.
Our study is susceptible to the typical weakness of a case-control study utilizing existing clinical records, as well as the limitations of a small sample size. We have avoided some of the sampling bias inherent to case-control studies by using incident cases and drawing our sample from the complete health-linkage records system of our population in Olmsted County. There a ϩ/Ϫ, matched pair with recurrent exposed, no acute lung injury (ALI) unexposed; Ϫ/ϩ, recurrent unexposed, no ALI exposed; ϩ/ϩ, both recurrent and no ALI exposed; Ϫ/Ϫ, both recurrent and no ALI unexposed; b the dash represents an incalculable odds ratio, requiring division by zero.
